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Abstract 

Background Due to its disturbance in schizophrenic patients, mismatch negativity (MMN) generation is believed 
to be a potential biomarker for recognizing primary impairments in auditory sensory processing during the course 
of the disease. However, great controversy exists regarding the type and onset of MMN‑related impairments, with 
the deficits to frequency deviants is more debatable. This cross‑sectional, case–control study was conducted to 
assess the cognitive functions among 33 eligible Egyptian schizophrenics (15 early and 18 chronic), and 30 matched 
healthy controls by assessing their psychometric tests and correlating them to the coexisting frequency deviant MMN 
responses (using both tone and speech stimuli).

Results Deficits in frequency MMN and neuropsychological tests were evident among early and chronic schizo‑
phrenics compared to their matched control counterparts, and also between early versus chronic schizophrenia in 
favor of the later. MMN deficits to speech stimuli were more elicited than tone stimuli among schizophrenics. Moreo‑
ver, significant correlations were identified between MMN parameters and the results of psychiatric cognitive scales.

Conclusions We demonstrated that frequency‑deviant MMN deficits are evident feature among the enrolled Egyp‑
tian schizophrenics. The cognitive functions as indexed by MMN seem affected early, with the striking decrease of 
MMN amplitude and delay of latency point towards the progression of the illness. The normal lateralization of MMN 
was absent in chronic schizophrenia. These findings could be helpful in using the MMN as an additional objective tool 
for confirming cognitive impairments among schizophrenics and to differentiate between early‑ and chronic‑schizo‑
phrenic patients for medico‑legal purposes and clinical implication for medications.

Keywords Early schizophrenia, Chronic schizophrenia, Mismatch negativity, Biomarker, Cognitive impairment, 
Psychometric tests

Background
Schizophrenia is a complex functionally debilitating men-
tal disorder, with diverse genetic and neuro-biological 
backgrounds, leading to deficits in the neural circuits that 

triggered psychotic symptoms by adolescence and early 
adulthood. Various theories have emerged in the patho-
genesis of schizophrenia including neurodegenerative 
hypothesis, neurodevelopment theory, neurochemical 
imbalance, endocannabinoid system dysfunction, atypi-
cal mitochondrial dynamics, brain networks dysfunction, 
triggered immune system and inflammation [1–7].

Beside the clinical psychotic symptoms, cognitive 
impairment is a core feature of schizophrenia which is 
usually present at/or even predate the onset of illness 
and is closely linked to functional outcomes [8–12]. Psy-
chometric testing is one of the commonly used meth-
ods to evaluate the cognitive functions in patients with 
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psychosis [10, 13, 14], but factors such as test anxiety, 
dishonest candidate or untrained psychologist can cre-
ate misjudgment and false negative results. There can be 
also minor discrepancies in psychometric reliability due 
to individual variation in feelings or thoughts at differ-
ent times leading to variance in scores. For this reason, 
a wide spectrum of modern laboratory-, neurroimaging- 
and neurophysiological-biomarkers have been recently 
suggested as objective tools for early cognitive impair-
ment of schizophrenia.

Among the emerged laboratory markers, disturbed 
serum/CSF levels of Kynurenines and pro-inflammatory 
cytokines have been detected in schizophrenics and were 
linked extensively to cognitive/psychiatric symptoms in 
first episode and chronic schizophrenia. However, the 
results across studies are divergent, as well, these bio-
markers are greatly overlapping between cardiovascu-
lar, autoimmune and other neuropsychiatric diseases [5, 
15–17]. Regarding the advanced neuro-imaging technol-
ogy, diffusion tensor and functional magnetic resonance 
imaging (static and dynamic) offer a strong insight for 
detecting morphological and functional brain changes 
among schizophrenics, as altered white matter integrity 
was recognized and correlated with cognitive perfor-
mance, such as poor processing speed, working memory, 
and executive functioning [18–21]. Nevertheless, beside 
the imaging’s high costs, there have also been conflicting 
findings, probably due to the wide heterogeneity across 
study populations and in the imaging methodologies 
applied.

MMN is another attractive, available, and cost-effective 
neurophysiological tool that has been introduced as a 
“breakthrough biomarker” indexing early auditory pro-
cessing, generated by a fronto-temporal network asso-
ciated with pre-attentive sensory processing, and has a 
vital role in establishing learning and memory [22–26]. It 
is evoked when a sequence of identical auditory stimuli is 
infrequently interrupted. This occurs by a deviated stim-
ulus from the preceding standard ones along one or more 
dimensions, such as pitch, intensity, frequency, or dura-
tion [22–26]. In schizophrenic patients, it has been sug-
gested that glutamate/N-methyl-D-aspartate (NMDA) 
system dysfunctions at this network could trigger MMN 
deficits [27, 28].

Although there is a growing evidence highlighting on 
MMN amplitude attenuation in schizophrenia, there is 
yet quite inconsistency among studies [29], with the fre-
quency deviants MMN (fMMN), in particular, in early 
schizophrenia is more debatable. Whereas several stud-
ies [30–32] detected no fMMN deficits in early phases of 
psychosis, others [33–36], however, elicited evident early 
deficits.

MMN latency is measured by the time at which the 
deviant stimulus can be differentiated from the preceding 
standard one. Reviews of the MMN literature in schizo-
phrenia do not underscore reliable latency dissimilarity 
between patients and matched controls. Some research-
ers reported prolonged latency  [37–39], while others 
showed significant shortening [40–42].

Another point of controversy is related to the rela-
tion of MMN deficits to neuropsychological tests. It 
has become increasingly obvious over recent years that 
MMN deficits correlate significantly with impaired cog-
nitive performance in schizophrenia, which, in turn, 
forecast limited functional outcomes [38, 43, 44]. On the 
other hand, Li and colleagues [39] pointed out the lack of 
close association between MMN indices and neuropsy-
chological parameters. It is thus still unclear whether 
MMN deficits specify a stable trait of the illness, or if it 
follow a progressive course.

Owing to the aforementioned discrepant results, no 
conclusions can so far be universally outlined regarding 
the MMN-related issues in schizophrenia. Therefore, the 
current study was designed to assess selected psychiat-
ric cognitive scales in a cohort of Egyptian schizophren-
ics and to verify whether is it possible to replicate the 
literature findings of MMN parameters (amplitude and 
latency) using speech and tone stimuli, and then to exam-
ine whether the underlying MMN impairments are con-
nected exclusively with any cognitive domains among our 
schizophrenics. The literature pertaining the correlations 
between psychometric testing and MMN findings among 
the Egyptian schizophrenic population is scarce.

Methods
The current study was approved by the Research Eth-
ics Committee of Tanta University on May 2019 with 
an approval code 32974/03/19. Sixty-three eligible sub-
jects were enrolled in this cross-sectional, case–control 
study within 1 year after approval. Participants were 
divided into 2 main groups for analysis and comparison: 
Group I included 30 healthy control adults, while Group 
II included 33 adult schizophrenic patients who admit-
ted to the Neuropsychiatry Department, Tanta Univer-
sity Hospitals and fulfilled the criteria of the Diagnostic 
and statistical manual of mental Disorders fifth edition 
(DSM-5) [45]. Patients (Group II) were subdivided into 2 
subgroups according to the duration of illness: Subgroup 
(IIa) included 15 patients with early schizophrenia (dura-
tion of illness ≤ 2  years), while Subgroup (IIb) included 
18 patients with chronic schizophrenia (duration of ill-
ness > 2 years). Control group (Group I) was also subdi-
vided into 2 subgroups to match the above-mentioned 
patients’ groups in their age and gender for comparison: 
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subgroup (Ia) included 15 younger control participants 
and subgroup (Ib) included 15 older ones.

All participants in the present study were adults with 
bilateral normal peripheral hearing and bilateral nor-
mal middle ear functions which were prerequisites for 
the inclusion in this work. In addition, all patients were 
selected to be in remission or partial remission (not suf-
fering from severe disruptive psychotic symptoms that 
compromised their communication), and had been tak-
ing their prescribed treatment regularly (on the same 
medical treatment for at least 1 month). Exclusion cri-
teria included the followings: illiterates, elderly, partici-
pants not fitting the above-mentioned inclusion criteria, 
patients with other psychiatric disorders, history of psy-
chotropic medications/electroconvulsive therapy in the 
previous 6 months, history of traumatic brain injury and 
existence of any serious medical condition that could 
affect cognitive function. Regarding controls, they were 
also excluded if they had: current or past history of men-
tal disorders, neurological or general medical illnesses, or 
mental disorders in their first-degree relatives.

Psychiatric evaluation was conducted for all par-
ticipants using the Arabic Version of Mini Interna-
tional  Neuropsychiatric Interview for detailed history 
and mental state examination [46]. In addition, they all 
subjected to psychometric evaluation using the Ara-
bic form of Mini-Mental state examination (MMSE) for 
measuring global cognition [47].Distinctive cognitive 
domains (attention, working memory, perceptual-motor 
and executive functions) were estimated by selective sub-
tests of Wechsler Adult Intelligence Scale (WAIS-IV) in 
its Arabic version [48] including: Digit span (Ds), and 
Digit symbol (Dsy) scales as well as the Arabic form of 
Trail making test (TMT)[49].

Regarding the audiological assessment, all subjects of 
the current study were subjected to full audiological his-
tory taking, thorough otological examination and basic 
audiological assessment consisting of pure tone audiom-
etry for the frequency range 250e8000 Hz and speech 
audiometry (using GSI-61 audiometer) and immit-
tancemetry (using Zodiac-Madsen). MMN was carried 
out in the oddball paradigm using two kinds of stimuli 
(tone and speech) that were displayed in two paradigms. 
In the first paradigm, 1000  Hz and 1050  Hz were used 
as the standard and deviant stimuli, respectively, while 
in the second one, /da/ stimuli was used as a standard 
stimulus and /ga/stimuli was used as the deviant stimu-
lus. The duration of tone and speech stimuli was approx-
imately 150  ms and 200  ms, respectively. Both types of 
stimuli were presented at 1/s repetition rate, 15% deviant 
probability at 75 dB SPL using insert phone monaurally.

Once the test has been completed, offline manipula-
tion of the traces was performed starting with N100 

identification as the negativity occurring at about 
80e120ms after stimulus presentation. MMN was meas-
ured in the difference waveform in accordance with 
manual specification of Smart-IHS. This was carried out 
by subtracting the traces occurring in response to both 
the deviant and the standard stimuli. MMN was identi-
fied visually as the most prominent negativity following 
N100 occurring between 150 and 300 ms. In each para-
digm, both MMN parameters (latency and amplitude), 
were calculated.

Statistical analysis
All data were analyzed using the Statistical Package for 
Social Sciences (SPSS) version 21. Qualitative data were 
presented using number and percent, while the quantita-
tive ones were displayed as mean and standard deviation 
(SD). Independent sample t test was applied for compar-
ing two independent means. For categorical variables, 
Chi-square test was applied for analysis. Correlations 
between different variables were presented using Pear-
son correlation coefficients with p value < 0.05 was adopt 
as the level of significance. The sample size and power 
analysis was calculated using Epi-Info software statistical 
package created by World Health organization and center 
for Disease Control and Prevention, Atlanta, Georgia, 
USA version 2002. The sample size was calculated at 
N > 14 for each study-subgroup based on 95% confidence 
limit and 80% power of the study.

Results
In the present work the mean age of the younger con-
trols (subgroup Ia) and the older controls (subgroup Ib) 
were 22.9 ± 3.6  years and 33.0 ± 3.1  years, respectively, 
that was matched with the age of early (subgroup IIa) 
and chronic (subgroup IIb) schizophrenic subgroups 
(24.1 ± 8.4  years and 33.9 ± 5.7  years, respectively). In 
comparing the disease duration between the 2 patients 
subgroups, the mean ± SD were 1.2 ± 0.3 and 17 ± 4.8 for 
early and chronic schizophrenic subgroups, respectively 
(P = 0.001).

Regarding the results of the investigated psychomet-
ric scales, there were statistically significant differences 
(p = 0.001) between early and chronic schizophrenic 
subgroups, as well as, between schizophrenics and their 
matched control counterparts, as shown in Table 1.

MMN responses were recorded in all subjects of con-
trol groups using both tone and speech stimuli (Fig.  1). 
Results of this work showed that 14 cases (93.3%) of 
the early schizophrenic subgroup (IIa) showed MMN 
response in both ears to both types of stimuli, while only 
one case showed no MMN response in both ears for the 
two stimuli (Fig.  2). MMN response in chronic schizo-
phrenic subgroup was more absent when using speech 
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stimuli than tone stimuli as the delectability of MMN 
response was 88.9% when using tone stimuli, while it was 
72.2% on using speech stimuli (Fig. 3).

Comparing the MMN latency responses between 
younger controls (Ia) and early schizophrenics (IIa), 
showed no statistically significant difference (P > 0.05) 
in both right and left ears after applying tone stimuli. 

Table 1 Comparison of psychometric tests between different study subgroups

MMSE Mini mental state examination, TMT trait making test, Subgroup (Ia) young control subjects, Subgroup (IIa) early schizophrenic patients, Subgroup (Ib) old control 
subjects, Subgroup (IIb) chronic schizophrenic patients, P1: P values between early schizophrenic patients and matched control subgroup, P2: P values between chronic 
schizophrenic patients and matched control subgroup, P3: P values between early and chronic schizophrenic patients

*Statistically significant

Ia IIa Ib IIb P1 P2 P3

MMSE

Range 29.0–30.0 20.0–23.0 29.0–30.0 10.0–17.0 0.001* 0.001* 0.001*

Mean ± SD 29.7 ± 0.5 21.9 ± 1.1 29.8 ± 0.4 14.1 ± 2.9

Digit span test

Range 11.0–29.0 8.0–12.0 11.0–25.0 8.0–10.0 0.018* 0.001* 0.001*

Mean ± SD 13.5 ± 4.3 10.5 ± 1.3 18.9 ± 9.7 8.7 ± 0.9

Digit symbol test

Range 29.0–44.0 21.0–30.0 29.0–45.0 10.0–23.0 0.001* 0.001* 0.001*

Mean ± SD 38.5 ± 5.0 24.7 ± 3.7 36.7 ± 5.1 12.4 ± 3.2

TMT

Range 85.0–100 170–200 88.0–130 190–300 0.001* 0.001* 0.001*

Mean ± SD 89.6 ± 4.4 180.2 ± 8.9 106.9 ± 15 245.6 ± 45.3

Fig. 1 Traces of standard, deviant and MMN response using tone and speech stimuli of one of the controls

Fig. 2 Abscece of N1 in one case of early schizophrenic patients
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Whereas on using speech stimuli, there was significant 
earlier latencies (p = 0.001) among subgroup Ia in MMN 
latency response in both ears. Regarding the MMN 
amplitude responses, comparison between the younger 
controls (Ia) and early schizophrenics (IIa) revealed sig-
nificantly higher responses among the former in right and 
left ears when using both types of stimuli. The differences 
between all MMN parameters (latency and amplitude) in 
older control subgroup (Ib) and chronic schizophrenic 
subgroup (IIb) as well as between early (IIa) and chronic 
(IIb) schizophrenic subgroups when using both types of 
stimuli were statistically significant (p < 0.05) in both ears 
(Table  2). The latency was significantly delayed and the 
amplitude was lower in chronic schizophrenics in com-
parison to the older controls and also in early schizo-
phrenics when using both types of stimuli (Table 2).

Comparing the MMN response parameters between 
right and left ears in the study demonstrated that the only 
significant difference was noticed in the amplitude as the 
MMN amplitude elicited by the right ears was higher 
than those of the left ones. When using tone stimuli, 
the results were significantly higher (P = 0.023) in the 
right ears in comparison to the left ears among control 
group and also in early schizophrenic subgroup only. On 
the other hand, when using speech stimuli, the results 
showed a significantly higher (P = 0.001) amplitude in the 
right ear in comparison to left ears only in chronic schiz-
ophrenic subgroup.

As regards to the correlations between the investigated 
psychometric tests and MMN results of the right and left 
ears among early schizophrenic patients, significant cor-
relations were detected between MMN latency and each 

of MMSE and DS scores when using speech stimuli. In 
addition, there were significant correlations between 
these scores and MMN amplitude when using both types 
of stimuli (Table 3). Regarding the chronic schizophren-
ics, each of the MMSE, DS, and DSY scales revealed sig-
nificant correlations with the elicited MMN parameters 
on using both types of stimuli in the right and left ears. 
As well, there was a negative correlation between dura-
tion of illness and MMN amplitude when using both 
types of stimuli in the right ear, while there was positive 
correlation between duration of illness and MMN latency 
when using tone stimuli only in the left ear (Table 4).

Discussion
One of the characteristic features of schizophrenia is the 
impairments across a broad array of cognitive domains, 
including both higher order tasks such as global cogni-
tive functioning, memory, executive functions, attention, 
verbal fluency, learning and social cognition, as well as 
essential sensory functions such as auditory and visual 
processing [8–14, 50]. The interplay between these cog-
nitive dysfunctions and poor motor functioning are the 
grounds of the diverse presentations of the illness as well 
as the impairment of daily living activity and social/occu-
pational functioning [12, 51, 52].

Brain Morphological and functional studies indicated 
that different brain regions are implicated in schizo-
phrenia-related cognitive dysfunctions including pre-
frontal cortex (associated with executive functioning), 
basal ganglia (reinforces behavior patterns), limbic sys-
tem (implicated in learning, memory storage/recalling, 
and emotional processing), cerebellum (beside motor 

Fig. 3 Presence of MMN response when using tone stimuli and their absence when using speech stimuli in chronic schizophrenic patient
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coordination, implicated in attention, working memory 
and sensory discrimination) and brainstem, with func-
tional deterioration of the brain due to abnormal inter-
actions between differentiated connecting networks [7, 
21, 53, 54]. From the neuro-chemical viewpoint, the 
deregulations of dopaminergic, serotonergic, GABAer-
gic and/or glutamatergic neurons reduce the effective-
ness of context information and flexible updating of 
stored information (cognitive symptoms) [2].

MMN generation test has been acknowledged as 
one of the attractive, potential biomarkers of cognitive 
dysfunctions among schizophrenics. Deficits in MMN 
generation in schizophrenia are linked to impaired acti-
vation of superior temporal auditory cortex, prefrontal 
cortex and a salience network as well as other subcor-
tical regions, such as inferior colliculus and thalamus 
[22, 23, 26, 55–57]. MMN deficits have been identified 
in patients with first-episode and chronic schizophrenia 
as well as in clinical high risk patients [58, 59]. Notably, 
MMN is obtained pre-attentively permitting the evalu-
ation of auditory processing impairments in psychiatric 
disorders away from the confounding impact of moti-
vation and attention related to higher order cognitive 
tasks [60].

The current research was conducted to evaluate the 
cognitive functions in patients with early and chronic 
schizophrenia using MMN (as elicited by tone and 
speech stimuli) and selected neuropsychological tests. 
Our findings revealed a statistically significant difference 
in psychometric MMSE scores between schizophrenic 
patients and their matched controls, and also between 
early and chronic schizophrenic subgroups. The current 
results are in agreement with previous researches [61, 62] 
that highlighted that MMSE is a valid tool to screen for 
cognitive impairment and to estimate the severity of cog-
nitive changes overtime. The meta-analysis conducted by 
Maltais and his colleagues [62] has documented that the 
decline of MMSE scores in schizophrenics was propor-
tional with the chronicity of illness.

Parallel to our findings, Perry and colleagues [63] 
found a significant difference between schizophren-
ics and healthy group in assessing of DS scores. Patients 
with schizophrenia had impairment of both the forward 
DS test as an indicator of the general attention, and the 
backward DS test for measuring the verbal working 
memory [64]. Working memory deficits in schizophrenia 
may have crucial implications both for the localization of 
underlying impairment and for explanations of different 

Table 2 Comparison of MMN responses (using both tone and speech stimuli) between different study subgroups

P1 P value of Ia–IIa, difference, P2 P value of Ib–IIb difference, P3 P value of IIa–IIb difference

*Statistically significant

Ia IIa Ib IIb P1 P2 P3

Tone stimuli

Amplitude

 Rt Ear Range − 7.6– − 4.9 − 2.8– − 1.2 − 7.6– − 1.3 − 3.0– − 0.7

Mean ± SD − 3.9 ± 2.7 − 2.1 ± 0.6 − 4.7 ± 2.1 − 1.3 ± 1.2 0.019* 0.001* 0.035*

 Lt Ear Range − 5.0– − 1.2 − 4.0– − 0.5 − 6.0– − 1.2 − 2.0– − 0.3

Mean ± SD − 3.2 ± 1.3 − 1.8 ± 1.1 − 3.0 ± 1.6 − 0.5 ± 0.9 0.005* 0.001* 0.001*

Latency

 Rt Ear Range 113–168 145–230 113.0–195 164.0–230

Mean ± SD 146.1 ± 12.8 159.6 ± 31 147.1 ± 18.6 191.9 ± 21.6 0.130 0.001* 0.002*

 Lt Ear Range 120.0–170 150–200 120.0–170 160.0–234

Mean ± SD 149.1 ± 14.7 169.1 ± 19.4 148.9 ± 17.2 191.4 ± 24.9 0.448 0.001* 0.011*

Speech stimuli

Amplitude

 Rt Ear Range − 6.4– − 1.2 − 3.6– − 2.0 − 8.6– − 1.4 − 3.7– − 0.9

Mean ± SD − 3.3 ± 2.0 − 2.9 ± 0.5 − 4.3 ± 2.1 − 1.9 ± 1.0 0.004* 0.001* 0.003*

 Lt Ear Range − 5.0– − 1.4 − 3.2– − 0.7 − 5.0– − 1.6 − 2.8– − 1.0

Mean ± SD − 3.4 ± 1.0 − 2.1 ± 0.7 − 3.0 ± 1.0 − 1.5 ± 0.4 0.001* 0.001* 0.010*

Latency

 Rt Ear Range 130.0–165 160–190 114.0–184 150.0–183

Mean ± SD 141.6 ± 10.2 176.3 ± 9.0 152.0 ± 14.7 188.0 ± 18.7 0.001* 0.001* − 2.100

 Lt Ear Range 120.0–160 139–220 134.0–190 149.0–245

Mean ± SD 147 ± 12.6 179.9 ± 19.2 149.6 ± 15.4 201.4 ± 30.3 0.001* 0.001* − 2.223
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cognitive deficits associated with this disorder [65]. Our 
results also support the literature findings that process-
ing speed, as measured by the Dsy test, is consider to be a 
critically impaired cognitive ability in schizophrenia [66]. 
Similarly, Reichenberg and Harvey [67] have advocated 
that the deficit in attention, processing speed, memory, 
working memory, and executive functions have all been 
always encountered in schizophrenia. This aspect is fur-
ther underlined by the established correlations of pro-
cessing speed with the risk of schizophrenia and the 
severity/disability of the illness [68, 69].

As regard to TMT scores, our findings were in line 
with a previous meta-analytic work [70] which approved 
similar deficits in the TMT results among patients with 
schizophrenia. As well, Toulopoulou and colleagues [71] 
reported that cognitive dysfunctions in schizophrenic 
patients appeared to be most severe in episodic memory 
and executive processes as assessed by TMT. In the pre-
sent article, the impairment of different cognitive func-
tions illustrated in the psychiatric scales supports the 

concomitant abnormal MMN responses in our included 
schizophrenic patients.

This study revealed a significantly prolonged MMN 
latency among early schizophrenic subgroup as com-
pared to younger controls when using speech stimuli 
only. This agreed with the outcomes of other authors 
[35, 37–39] who demonstrated longer latencies among 
their early schizophrenics compared to controls on using 
speech and non-speech stimuli, whereas others [72] 
failed to find significant group differences, or else they 
[40–42] reported a shortened MMN latency in their 
patients. In one hand, prolonged latency may be expected 
to emerge from the compromised neuroanatomy and/
or neurological function in schizophrenia. On the other 
hand, it is proposed that a shortened MMN latency in 
schizophrenia may reflect spontaneous, dysfunctional-
premature stimulus processing [73]. Another speculation 
is that the diversity between the standard and deviant 
tone events may not precisely registered and their expres-
sion consequently largely overlapping [74]. Furthermore, 

Table 3 Correlations between MMN parameters and each of the age, duration of illness and the studied psychometric scales in the 
right and left ears among early schizophrenics

TMT trail making test, MMSE Mini-Mental state examination, DS Digit span scale, Dsy Digit symbol scale, r Pearson correlation coefficient

*Statistically significant

Early schizophrenic subgroup (IIa)

Age Duration of illness TMT MMSE DS Dsy

Right tone amplitude

 r 0.278 0.129 0.383 − 0.775 − 0.626 0.381

 P 0.335 0.661 0.176 0.001* 0.017* 0.179

Right tone latency

 r 0.094 0.105 0.193 0.331 0.059 0.017

 P 0.750 0.721 0.510 0.247 0.842 0.955

Right speech amplitude

 r 0.072 0.490 0.240 − 0.613 − 0.689 − 0.434

 P 0.806 0.075 0.409 0.020* 0.006* 0.121

Right speech latency

 r 0.190 − 0.304 − 0.102 0.775 0.613 0.342

 P 0.516 0.290 0.727 0.001* 0.020* 0.232

Left tone amplitude

 r − 0.305 − 0.038 − 0.134 − 0.775 − 0.626 0.387

 P 0.290 0.898 0.648 0.001* 0.017* 0.171

Left tone latency

 r 0.272 − 0.371 − 0.068 0.775 0.677 − 0.515

 P 0.433 0.191 0.819 0.001* 0.008* 0.059

Left speech amplitude

 r 0.073 0.090 − 0.315 − 0.613 − 0.648 0.105

 P 0.803 0.759 0.272 0.020* 0.012* 0.721

Left speech latency

 r 0.355 − 0.277 0.151 0.775 0.685 0.190

 P 0.449 0.337 0.607 0.001* 0.007* 0.516
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the contradicted latency results may be allied to the 
discrepancy in many patient- and stimulus-related con-
founders across studies. Sampling differences regard-
ing age of onset, IQ scoring, level of learning, and illness 
severity may explain these conflicting results. It may also 
be due to the dissimilarity between the specific sounds 
used in speech stimuli, as some speech stimuli were not 
cognitively taxing enough, and, therefore, not able to 
explain the subtle cognitive dysfunctions present early in 
schizophrenia. As well, a shorten MMN latency may be 
pronounced by applying complex multi-deviant stimuli, 
elevated stimulus magnitude/rate, and increased number 
of standards foregoing a deviant stimulus [75–79].

Our study showed a statistically significant difference 
in MMN amplitude between controls and early schizo-
phrenic subgroup on using both types of stimuli in both 
ears. This was in agreement with the results of other 
researchers [59] who reported comparable findings when 
using tone stimuli. In the same line, previous studies [80, 
81] have established a significant lower MMN amplitude 

in early schizophrenic patients compared to healthy con-
trols. It can be speculated that the normal MMN declines 
over time in patients with schizophrenia, reflecting some 
ongoing neuro-chemical changes such as glutamate-
mediated excitotoxic decrease of dendritic fields. This 
was also confirmed by Javitt and colleagues [82] who con-
cluded that within 3 years of their first episode, schizo-
phrenic patients had marginally diminished MMN to 
pitch deviants. In the contrary, Fisher and colleagues [83] 
did not get any statistically significant differences regard-
ing the MMN parameters between early schizophrenic 
and their controls. This variation in the results between 
studies may be due to the difference in methodology and 
in the duration of illness between different series.

It is worth mentioning that MMN amplitude decre-
ment among schizophrenics varies with the nature of 
stimulus deviance. Though the MMN decline to dura-
tion- and intensity-deviant tones have been detected 
from early stages  of illness, those to frequency deviant 
tones may emerge with time during the course of the 

Table 4 Correlations between MMN parameters and each of the age, duration of illness and the studied psychometric scales in the 
right and left ears among chronic schizophrenics

TMT trail making test, MMSE Mini-Mental state examination, DS Digit span scale, Dsy Digit symbol scale, r Pearson correlation coefficient

*Statistically significant

Chronic schizophrenic subgroup (IIb)

Age Duration of illness TMT MMSE DS Dsy

Right tone amplitude

 r 0.310 − 0.932 0.154 − 0.652 − 0.626 − 0.595

 P 0.243 0.002* 0.569 0.006* 0.017* 0.015*

Right tone latency

 r 0.509 0.974 0.775 0.556 0.588 0.652

 P 0.044 0.001* 0.001* 0.025* 0.035* 0.006*

Right speech amplitude

 r 0.018 − 0.653 − 0.176 − 0.652 − 0.626 − 0.595

 P 0.954 0.006* 0.566 0.006* 0.017* 0.015*

Right speech latency

 r − 0.304 0.499 0.652 0.775 0.775 0.677

 P 0.313 0.009* 0.006* 0.001* 0.001* 0.008*

Left tone amplitude

 r 0.378 − 0.572 − 0.046 − 0.652 − 0.775 − 0.626

 P 0.165 0.033* 0.872 0.006* 0.001* 0.017*

Left tone latency

 r 0.224 0.535 0.630 0.556 0.775 0.685

 P 0.404 0.049* 0.016* 0.025* 0.001* 0.007*

Left speech amplitude

 r 0.335 − 0.658 0.174 − 0.775 − 0.626 − 0.630

 P 0.264 0.009* 0.569 0.001* 0.017* 0.016*

Left speech latency

 r 0.121 0.400 0.775 0.556 0.588 0.652

 P 0.694 0.198 0.001* 0.025* 0.035* 0.006*
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disease which thought to reflect illness chronicity [30–32, 
84, 85]. However, this view is contradicted by our results 
as fMMN was elicited in both schizophrenic subgroups. 
Parallel to our findings, fMMN tones have been previ-
ously elicited among early schizophrenics, and even 
during the prodromal stage preceding psychosis onset 
[33–36, 86]. These controversies may be driven, at least 
partly, by the discrepancy in type of oddball paradigm 
and the types/characteristics of deviant stimuli applied to 
elicit MMN response, as different types of deviances may 
propagate at multiple levels of the neural axis (cortical 
versus subcortical). Individual variations may also play 
a crucial role in this regard. Furthermore, the heteroge-
neity between included schizophrenic samples and the 
method of recruiting the patients (inpatients versus out-
patients) may also contribute to these conflicting results.

The chronic schizophrenic subgroup in the present 
study showed lower amplitude and longer latencies com-
pared to their matched controls and also in comparison 
to early schizophrenic subgroup when using both types 
of stimuli. Parallel to these results, Horton [87] recog-
nized that patients with chronic schizophrenia exhibited 
reduced amplitudes and longer latencies than controls 
to all frequency changes (5%, 10% and 20%). Moreover, 
other studies [23, 59, 83] reported significant reduction 
of MMN amplitude in chronic schizophrenics when 
compared to healthy control group and first episodic 
schizophrenics when using tone stimuli to fMMN and 
duration deviants MMN (dMMN). Our results, there-
fore, support the existence of a potential role of disease 
duration on simple auditory processing in patients with 
schizophrenia and is compatible with the glutamatergic 
dysfunction hypothesis [88]. The considerable difference 
in MMN decline between early and chronic schizophren-
ics may also be secondary to the impact of long-term 
neuroleptic medication. The noteworthy correlations 
between the duration of illness with each of the impaired 
MMN responses and worsen psychometric tests among 
our patients may indicate ongoing neuropathological 
changes in schizophrenia, which may support the neu-
rodegenerative hypothesis of schizophrenia [1]; however, 
longitudinal studies will be more appropriate to confirm 
this issue.

Up till now, an extensive literature has built up regard-
ing the  MMN to pitch deviance and dMMN in schiz-
ophrenics and high risk patients relative to healthy 
controls. On the contrary, less data is existing regarding 
other deviant stimuli, in particular, frequency and loca-
tion (the difference between both ears) MMN types. 
These stimuli depend chiefly upon accurate processing 
within midbrain regions and offer a quick and robust 
reorientation of attention. In the present study, the 
right ears had a statistically significant higher MMN 

amplitude than the left ears when using tone stimuli in 
early schizophrenic subgroup and also in their matched 
controls. This was concordant with the normal expected 
lateral distribution of MMN. This normal lateralization 
of MMN was absent in chronic schizophrenia after using 
tone stimuli. This coincided with previous studies that 
pointed to the long-term disturbed normal hemispheric 
asymmetry among schizophrenic populations [89].

Regarding the response to speech stimuli, the ampli-
tude was significantly higher in right ears compared to 
left ones in chronic schizophrenic subgroup. This sup-
ports the findings of Razafimandimby and colleagues [90] 
who documented that in schizophrenics, the leftward 
functional language asymmetry indices were signifi-
cantly decreased as compared to healthy controls. Con-
sequently, these findings support Crow’s hypothesis of a 
reduced hemispheric specialization in schizophrenics.

The results of our work showed that the MMN 
responses in chronic schizophrenic patients were more 
absent when using speech stimuli than tone stimuli 
(72.2% versus 88.9%, respectively). Besides, reduction of 
MMN amplitude was more observed in the former, with 
a significant difference in amplitude results in favor of the 
left ears. Moreover, latencies of MMN elicited by speech 
stimuli were longer than those elicited by tone ones. This 
might be related to the more complexity of speech syl-
lables. There is a general concept that deficit in percep-
tual processing probably affects cognitive and social 
behavior. For example, difficulty in decoding modulation 
in speech can cause impaired social cognition owing to 
failure to understand emotional cues. Similarly, failure to 
parse perceptual objects into larger meaningful groups 
may undermine the cognition needed to navigate the 
social environment [91]. This supports our results which 
showed there were more deficits of MMN responses 
when using speech stimuli.

It is noteworthy that the relationship between neu-
ropsychological tests and MMN latency has hardly ever 
been established in schizophrenia. In the current study, 
early schizophrenics displayed a statistically significant 
correlation between MMN latency and both psychomet-
ric MMSE and DS scores on using speech stimuli only. 
In addition, the reduction of MMN amplitude was cor-
related with worsen psychometric test-scores on using 
either types of stimuli. In the chronic schizophrenic sub-
group, there was a positive correlation between MMN 
latency and illness duration on using tone stimuli in both 
ears. While on using speech stimuli there was positive 
correlation between MMN latency and duration of ill-
ness in right ears only. The MMN latency significantly 
increases and the amplitude decreases as MMSE, DS, Dsy 
and TMT scores worsen on using either type of stimuli. 
Our findings reveal that better neurophysiological test 
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results, in the form of shorter latencies and higher ampli-
tudes, are obtained with shorter duration of illness and 
better scores of cognitive scales (higher MMSE, DS, and 
Dsy, and lesser TMT scores).

The aforementioned results were in line with those 
obtained by prior researchers [42] who recognized an 
inverse correlation between MMN amplitude and dura-
tion of illness in patients with schizophrenia. They also 
studied the relation of fMMN and dMMN parameters 
and cognitive function in schizophrenia using neu-
ropsychological test battery including TMT, Dsy and the 
DS. They found that MMN latency to fMMN was sig-
nificantly correlated with neuropsychological tests. In 
addition, reduced MMN amplitude to fMMN was signifi-
cantly correlated with a higher PANNS positive score in 
schizophrenics [38, 92]. Baldeweg and colleague [43] also 
delineated a significant association regarding the drop 
of MMN amplitude measures with duration deviant 
stimuli and several cognitive domains including verbal 
fluency, executive function and episodic memory. In the 
same line, Toyomaki and colleague [38] stated that tone 
dMMN deficits predict impairment of executive func-
tioning in schizophrenia as represented by WCST, Stroop 
Test and TMT. Comparable findings have been replicated 
exclusively for selective cognitive domains, such as verbal 
fluency  [93] and executive tasks  [36]. Relations between 
MMN amplitude to duration deviants and measures of 
visual attention  [94]  and social cognition  [95]  have also 
been documented previously. More recently, Nakajima 
2021 [44] shed light on the potential value of MMN 
amplitude as a biomarker for predicting symptomatic 
remission and upgrading of both cognitive and social 
abilities in first episode schizophrenia. However, the 
later-mentioned issues were not evaluated in our study.

The strength of the present research lies in its com-
parative nature; however, it has several limitations. 
One of them is the modest sample size, which could be 
attributed to the restricted selection criteria and lim-
ited study period. In addition, the study could be more 
informative if we could follow-up the cognitive functions 
and MMN responses among our schizophrenic cases. 
Another limitation was the lack of other comprehensive 
neuropsychological tests for precise assessment of cogni-
tive abilities. However, such tests may be time-costly, not 
feasible and fatiguing for our patients. All the psycho-
metric tests included in the present study depend on sim-
ple pen-and-paper tasks that are characterized by their 
briefness, easiness, and  availability, which make them 
relatively tolerated by our schizophrenics and suitable 
to administrate in our busy university inpatient wards. 
As well, the selected tests could measure the different 
cognitive domains frequently affected in schizophren-
ics (as working memory, processing speed, attention, 

perceptual-motor and executive functions) making them 
potentially useful screening instruments for cognitive 
impairment in psychosis patients without the use of full-
extensive battery.

An additional shortcoming of this work is that it did 
not include a measure for symptom severity of psycho-
sis (such as PANSS). Nevertheless, our patients were 
selected to be stable inpatients (in remission or partial 
remission), had been taking their prescribed treatment 
regularly (for at least 1 month) and were not suffering 
from any serious disruptive symptoms that compromised 
their communication.

Future longitudinal multicentre studies using MMN 
to evaluate the auditory discrimination on a larger scale 
of schizophrenic patients, taking into consideration 
the symptom severity as a potential variable that could 
affect the patient’s cognition while performing the tests, 
is strongly recommended to confirm the findings of this 
study. We also recommend conducting future studies 
pertaining MMN to evaluate the auditory working mem-
ory in schizophrenics treated with different medications.

Conclusions
This study replicates the literature evidence of reduced 
MMN amplitude and prolonged latency with regard to 
fMMN in a sample of schizophrenic Egyptian population, 
independent of early or chronic stages, with the deficits 
to speech stimuli are more elicited than to tone ones. 
Relating them to psychometric measures, more disturbed 
MMN responses were significantly associated with more 
severe cognitive decline, which reinforces the utility of 
MMN as a pre-attentive index of early auditory discrimi-
nation processing across the course of illness. The hall-
mark finding among our chronic schizophrenics is the 
absence of the normal lateralization of MMN when using 
tone stimuli. Therefore, our findings highlighted the 
value of using MMN as a supplementary objective tool, 
added to the conventional clinical psychiatric judgment, 
for early identification of cognitive impairments among 
schizophrenics, which may have the potential to limit 
substantial illness morbidity. This may also be helpful for 
the differentiation between early and chronic schizophre-
nia in favor of medico-legal purposes and clinical impli-
cation. This could aid in planning for precise therapeutic 
interventions and revealing functional improvements 
after cognitive therapy.
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